Objective To study the change in risk of suicide among patients with schizophrenia and related disorders. Design Nested case-control design with linked data. Results Over the time studied the reduction in suicide rate among patients with schizophrenia and schizophrenia spectrum disorder was similar to that seen in the general population (incidence rate ratio 1.00, 95% confidence interval 0.98 to 1.03). The reduction among patients with other psychosis in the schizophrenia spectrum was faster than the reduction seen in the general population. Among people admitted to hospital with schizophrenia the risk of suicide was highest in the first year after first admission, and the excess risk was largest in the younger age groups-that is, the risk decreased per year for every additional year of age. Conclusion The suicide rate among patients with a diagnosis of schizophrenia and related disorders has fallen. This may be due to better psychiatric treatment, reduced access to means of suicide, or improvements in treatment after suicide attempts.
Introduction
In 1980, the suicide rate in Denmark peaked and reached a level that was among the highest in the world, with 34 suicides per 100 000 inhabitants. After 1980 the number of suicides decreased each year, and in 1997 the rate was 15 per 100 000 inhabitants, a 56% reduction.
In Denmark, about half of the people who commit suicide have previously been admitted to psychiatric departments and more than a quarter have been admitted during the past year. 1 2 It is consistently reported from several countries that the standardised mortality (standardised for age and sex) for suicide in people with schizophrenia is high, 3 4 and in a meta-analysis Palmer et al found that the lifetime risk of suicide among patients after a first admission for schizophrenia was 5.6%. 5 Danish and Swedish analyses have shown an increasing rate of suicide among women with a diagnosis of schizophrenia, while the suicide rate has declined in the general population. [6] [7] [8] The increasing standardised mortality rates for suicide among the most severely mentally ill people have played an important part in the debate about the organisation of psychiatric treatment and prevention of suicide in Denmark and other countries. 9 We investigated the suicide rates among patients with schizophrenia and related disorders to see if there was a similar reduction to that seen in the general suicide rate in Denmark from 1981 to 1997. We hypothesised that the ratio between suicide rates in people with a diagnosis of schizophrenia and related disorders compared with suicide rates in the general population would increase.
Methods

Data sources
Data for this study were extracted from four Danish longitudinal registers, including the Danish civil registration system, the cause of death register, the Danish psychiatric central register, and the IDA database.
The Danish civil registration system has been functioning since 1968 and contains a personal identifier for all individuals living in Denmark and their birth information as well as links to parents. 10 The personal identifier (the CPR number) is used as a key to retrieve and merge individual data from different databases. The Danish civil registration system also contains information about the vital status of each person; it is therefore possible to exclude people who have disappeared or emigrated. The cause of death register contains computerised information about all deaths in Denmark, including date, way, and cause of death. 11 The Danish psychiatric central register covers all psychiatric inpatient facilities in Denmark and has been computerised since 1969. 12 The IDA database, a Danish acronym for integrated database for labour market research, contains longitudinal information on labour market conditions, automatically extracted from official records for everyone in the population and their sociodemographic data.
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Study population
From the cause of death register we extracted a list of all people aged less than 76 years who committed suicide in Denmark from 1981 to 1997. Suicide was determined as way of death when the causes of death were coded as E950-959 (ICD-8, international classification of diseases, eighth revision) for the period 1969-93 and as X60-84 (ICD-10, international classification of diseases, 10th revision) from 1994 and onwards. By using a nested case-control design matching for birth year, sex, and calendar time, we randomly selected 20 controls per case from a 5% random sample of the total population in the IDA database. We included 18 744 people who committed suicide and 374 880 population controls in the study.
Diagnostic groups and psychiatric treatment
We extracted information about psychiatric inpatient treatment from the Danish psychiatric case register. Patients were subdivided into mutually exclusive diagnostic groups on the basis of the diagnosis at the latest admission. The "schizophrenia" group included patients with the diagnostic codes 295 (ICD-8) and F20 and F25 (ICD-10), the group of "other psychoses in schizophrenia spectrum" included patients with diagnoses 297 and 298. 29 
Data analyses
We analysed data using conditional logistic regression with Stata 8.0 clogit procedure. Because of the method of sampling controls from people at risk at the time, odds ratio can be interpreted as incidence rate ratios. 16 Of particular interest was the change in the suicide rate over the calendar period. Exposure to inpatient treatment for schizophrenia and related disorders were considered as explanatory variables. Calendar time was first included as annual indicators, and, using a Wald test, we investigated whether the rate of change with the calendar year could be described as a linear trend. We adjusted the incidence rate ratios for suicide for social and demographic risk factors of suicide in the general population-that is, education, place of residence, income, cohabitation, employment, place of birth, number of children, and death and suicide of a child.
We modelled the age-diagnosis interaction as a linear trend so that age was included as a continuous variable for all people who were admitted. As the data were matched for age, the continuous age variable expresses the annual change in risk for patients compared with the suicide-age pattern in the general population. The suicide risk associated with the main effect of admission should therefore be interpreted as an estimation of the risk for a patient aged 30 years.
Results
The crude suicide rates in the general population fell from 1981 to 1997 (fig 1) . Among those who had been admitted to psychiatric hospitals or departments in the same period, there were 756 suicides among patients with schizophrenia, 633 suicides among patients with other psychosis within the schizophrenia spectrum, and 276 suicides among patients with non-psychotic schizophrenia spectrum disorder. Figure 2 shows the incidence rate ratios for suicide, adjusted for age and sex, for patients with these diagnoses. During the period from 1981 to 1997, the incidence rate ratio for suicide among patients with schizophrenia was about 20 times higher than in the general population. We fitted a regression line expressing the change from 1981 to 1997 relative to the general population for each diagnostic group. The lines had slopes of 0.99 (95% confidence interval 0.97 to 1.01, P = 0.3) for schizophrenia, 0.95 (0.93 to 0.97, P < 0.0001) for other psychosis, and 0.99 (0.96 to 1.04, P = 0.9) for schizophrenia spectrum disorders, indicating that for patients with schizophrenia and non-psychotic schizophrenia spectrum disorder, the decrease was similar to the decrease in the general population, while the suicide rate among patients with other psychosis in the schizophrenia spectrum fell faster than in the general population.
We adjusted the incidence rate ratio for suicide for social and demographic risk factors and for time since admission and included age as an interaction term. We then fitted a regression line expressing the change from 1981 to 1997 relative to the general population, adjusted for confounding factors, and for all diagnostic groups there was a linear trend ( 2 76.24, df = 64, P = 0.14). The table shows the results of the analyses for both sexes and for men and women separately. We mutually adjusted the incident rate ratios for different variables. As in the non-adjusted analyses we found that for patients with schizophrenia and non-psychotic schizophrenia spectrum disorder, the decrease was similar to the decrease in the general population, while the decrease for patients with other psychosis in schizophrenia spectrum was faster; this change was explained by a faster reduction in suicide rate among male patients with these diagnoses compared with the general population (see the results by sex).
The risk of suicide was high in all diagnostic groups during an inpatient stay and during the first month after discharge, and the longer the time a patient had been discharged, the lower the risk of suicide. Patients who were admitted for the first time during the previous year had a 59% higher risk of suicide compared with other patients.
For patients with schizophrenia, the excess suicide mortality (relative to the general population) decreased with increasing age. We chose patients aged 30 years as reference category and incidence rate ratio was 0.97 (95% confidence interval 0.96 to 0.98) per year. This means that for patients with schizophrenia, the excess suicide mortality is reduced by 3% on average for each year added to the patient's age until 75 years. Thus, the incidence rate ratio of suicide compared with the risk in the general population for two patients aged 30 years and 40 years, respectively, both diagnosed with schizophrenia, currently admitted, and sharing all other characteristics, is 18.00 for the one aged 30 years and 13.27 (18.00×0.97 10 ) for the one aged 40 years. We adjusted the analysis for confounding with risk, social, and demographic factors known to be of importance in the general population. Adjustment for social and demographic risk factors reduced the incidence rate ratio for suicide among patients with schizophrenia from 21.37 to 12.26. Thus, social and demographic factors explain some of the increased suicide risk for schizophrenia, but even after we controlled for social and demographic factors, suicide was 12 times more common among patients with schizophrenia than in a matched group in the general population.
The table also shows the results of the study for each sex separately. In the general population the suicide rate among men is about twice as high as in women. The incidence rate ratio of suicide for women with schizophrenia and related disorders is higher than for men for all diagnostic groups and for all phases of treatment. This does not mean that the suicide rate for female patients is higher than for male patients, but it indicates a weaker effect of schizophrenia and related disorders among men. For both sexes, the decrease is similar to the decrease in the general population, except that men with other psychoses in the schizophrenia spectrum had a faster decrease in suicide rate than men in the general population.
Discussion
Although the risk of suicide among patients with schizophrenia and related disorders is almost constantly 20 times higher than in the general population, in Denmark it fell by more than 50% from 1981 to 1997. The change in the suicide rate among these patients was no different from the change seen in the general population, except that in patients with non-schizophrenic psychoses in schizophrenia spectrum the suicide rate fell faster.
Previous reports from Denmark and Sweden 6-8 17 showed that compared with the general population suicide rates among patients with schizophrenia were increasing. We could not replicate these findings, which covered a later time period and was adjusted for possible confounding factors and interactions with age. The difference in findings between our study and previous Danish studies might reflect a positive development in risk of suicide among patients with schizophrenia and related disorders or it might indicate that the previous studies were insufficiently adjusted for social and demographic risk factors, different suicide rates in different follow up periods, and interaction with age.
Explanations for findings
We cannot draw any firm conclusions regarding our observations of a decreasing risk of suicide over time. One hypothesis is that the patients were exposed to the same positive factors as the general population, such as reduced availability of means to commit suicide, better somatic and psychiatric treatment after attempted suicide, increased social and cultural stability in society, more general focus on prevention, and increased access to telephone counselling and psychiatric emergency services. 17 Another hypothesis is that the suicide rates among the patients were reduced at the same rate but through different mechanisms. The results must be compared with the transition in the organisation of psychiatric treatment, with a marked reduction in the number of psychiatric beds and more focus on outpatient treatment and social support. In 1980, the number of psychiatric beds in Denmark was 2.0 per 100 000 inhabitants, and during the years until 1997 the number was reduced to 0.79
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Other psychosis in schizophrenia spectrum Schizophrenia spectrum disorder per 100 000, 18 a reduction of 6000 beds (Denmark had a population of 5.2 million inhabitants in 1997). During the same period the number of supported housing places (previously psychiatric nursing homes) increased from none in 1980 (at that time defined as psychiatric beds) to 3533 in 1997. 18 In addition, before 1997, 1728 places were established in psychiatric group's homes with staff support. Thus, the net reduction in the number of psychiatric beds and supported housing in the community between 1980 and 1997 was less than 1000 (a reduction of 0.19 beds per 100 000 inhabitants). During the same period, there was an increase in the number of people employed in psychiatry. The number of staff members employed in community mental health centres doubled between 1993 and 1997. In psychiatric wards, the number of staff members increased by 30%. Furthermore, staff members were employed with the task of supporting people with severe mental illness in their own home. 18 Thus the treatment and social support available for patients with schizophrenia and related disorders has increased, providing more possibilities for closer follow up during outpatient periods and closer observation and support during inpatient stay.
The decrease in mortality from suicide in the general population from 1981 to 1997 was relatively more marked among women than men, and the incidence rate ratio was stable throughout the period for both male and female patients with schizophrenia. Therefore, as in the general population, the decline in suicide rate was more marked for female patients with schizophrenia than for male patients. This suggests that the decline in suicide risk for patients was due to some of the same mechanisms as in the general population, such as less availability of suicidal means. If the decline in suicide rate among the patients was mainly due to better treatment of schizophrenia and related disorders, it would probably be equally effective in male and female patients.
We confirmed the finding that suicide was more common during inpatient stays and during the first month after recent discharge. 1 2 8 As in several other studies 6 8 19-21 we found that the period shortly after first psychiatric admission was associated with the highest risk of suicide.
Conclusion
Throughout the period 1981-97, the risk of suicide among patients with schizophrenia was much higher than in the general population. The suicide rate among patients with schizophrenia and related disorders declined from 1981 to 1997, as did the suicide rate in the general population. It is unclear whether the reason for the reduction in suicide risk among patients with schizophrenia and related disorders is due to factors affecting the general population-such as decreased availability of means to commit suicide-or to factors that affect only patients with schizophrenia and related disorders-such as changes in psychiatric services-or both. Priority must continuously be given to preventive efforts directed towards the general population as well as towards psychiatric patients. The finding that the risk of suicide is especially high during the first month after discharge should lead to systematic evaluation of risk among inpatients before discharge and increased treatment and support immediately after discharge. Younger patients experiencing a first episode of schizophrenia are at high risk for suicide, and more intensive treatment and support should be offered to them.
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